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PRESIDENT.

Since last we met in annual session we have had to mourn
the loss of several of our members. Some of these have yielded

up their lives in the service of their country—yes, and in a

larger sphere of service, the service of humanity—on the field

of battle
;
others, who had, in another sense, spent their lives

for South Africa, passed away in the quiet of their own homes.
Amongst the latter I pause for a moment on the names of three

who had held high offices during some of our past annual gather-
ings : two had been Presidents of the Association, and the third

was a sectional president. Paul Daniel Hahn, a man of con-
spicuous personality and strength of character, who thoroughly
appreciated the inestimable value of science as a factor in national

prosperity, achieved an immense work for this land in fostering
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the scientific spirit during a period exceeding an entire generation,

not only amongst the youth of the country generally, but more
particularly amongst the agriculturists. James Hyslop, perhaps
better known in the Province of Natal than in the rest of the

Union, coupled military instincts with a keen desire to alleviate

mental ailments among his fellow-beings. Modest and unobstru-
sive, he accomplished the bulk of his valuable labours so silently

that the great world around was almost unaware of them, but

those who came from other parts and saw, returned deeply im-

pressed with admiration for the man and for what he had done.

Then there was Bernard Marchand, keen as an educationist, and,

if that were possible, keener still to uplift sunken and degenerate
countrymen, alive to every opportunity of fashioning such into

thrifty and useful members of society. Each of those three

worked for South Africa in the manner that best became him.
In aims and methods they differed considerably, but all were
alike practical, and their aggregate achievements covered a field

so extensive that few, if indeed any, of us adequately realise its

proportions.

We are now meeting in annual session for the fourth time
since the war began, a war which has made some of us wonder
whether an association for the advancement of science is after

all an institution beneficial or prejudicial to the best interests of
the human race, for it is undoubtedly science—organised, calcu-

lating, deliberately applied science—that has made this un-
paralleled conflict—a conflict oif arms, yes, but more of intellects

—possible. But the suggestion is fallacious : fire and water are

ills only when they are allowed unbridled scope and become mas-
ters

;
under control they serve us excellently. The world had

got into the way of luxuriating in all the unprecedented benefits

that new forms of applied science had conferred on human-
kind during the first decade of this century, when the second
decade let loose on an unprepared world all the evils, all the

passions, all the debasing influences that misapplied and mis-

directed science could call into being.

I doubt whether humanity at large has even now learnt the

lesson which this colossal disaster should teach it
;
that principle

and loftiness of purpose are more to be desired than knowledge,
and that mere science, uncontrolled by man’s higher aspirations

and nobler feelings, may involve the human race in an inconceiv-

ably stupendous catastrophe. We are fortunate indeed that we
do not yet possess the highly dangerous power to unchain the

interatomic energy now happily latent in our stabler chemical

elements.

Is science, then, to be blamed for that which the world now
suffers? Is it not rather the circumscription of science that is

the cause of it all? Inasmuch as science is knowledge, our science

of necessity remains imperfect as long as we know only in part;

and if a so-called science levels in the dust all the highest moral
and spiritual principles in man, if it outrages liberty, flaunts truth,

tramples sanctity underfoot, casts chivalry to the winds, and
acclaims as its god all that is vile and loathsome and devilish, it
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remains a stunted travesty of the full-orbed science that seeks

the highest ideals of knowledge in every realm.

And so Principal Beattie was unquestionably right some
months ago when he said that the present world contest is a

struggle not between nations, but between ideals. Admittedly

neither ideal is perfect, but the ideal that is low and grovelling

and sordid and selfish is obviously the ideal of a mind that has

no vision for anything loftier. If science is to confer the highest

benefits on mankind, its outlook must be ever broadening, and
to a truly scientific people there should be nothing tending to

prejudice or dogmatism resulting from a circumscribed range

of vision.

In one of his “ short stories,” H. G. Wells describes con-

ditions amongst a race of degenerated human beings, who vege-

tated in a mysteriously isolated and forgotten valley amongst the

mountains—a valley that had in it all that the heart of man could

desire—sweet water, verdant pastures, glorious climate—but a

valley cut off from the outside world, less by reason of the ice-

capped cliffs of rock that walled it in than because of the fact

that 15 generations ago a strange disease had seized upon the

dwellers in that valley, and had left to them total blindness as

an inheritance. The walls of ice that isolated them geographically

they could have surmounted, as man’s ingenuity often scales the

highest of material difficulties, but the sightlessness which
hemmed them in mentally cut them off effectually from the world
of men.

The most serious obstacles to the advancement of a country
are not geographical. When a great movement is in progress

one sometimes finds that those who' should be in the van fail

to lead because they lack discernment. It was not Nelson who
was blind at Copenhagen, but the amiable and kindly Sir Hyde
Parker, who seldom ventured to take responsibility, while Nelson,
when he put the telescope to his blind eye, had really the clearer

vision of the two. Now South Africa had been geographically

cut off from the centres oif scientific activity in the Northern
Hemisphere for generations, but to-day all the important hap-
penings of Europe are flashed across 6,000 miles of ocean in a

few hours. The opening decades of last century brought no less

sensation in the way of scientific discovery to our forefathers than
the discoveries of the last 18 years have brought to us, and one
of the chief contributors to the new light that dawned on men a
century ago was Prof. Hans Christian Oersted, of Copenhagen,
who laid the foundations of electro-magnetism by his discovery
that the electrical current of a galvanic battery, when passed
through a platinum wire, acted on a compass needle placed below
the wire.

Every naval man at the beginning of last century was not as
clear-sighted as Nelson, and illustrations may be quoted of some
of very different type who, it is much to be feared, still have
representatives amongst us in this rapidly closing second decade
of the twentieth century, as they had amongst our ancestors in

the second decade of the nineteenth.



4 PRESIDENT S ADDRESS.

For some time before Oersted’s clear reasoning led him to

the precise point at which his discovery was made, Ronalds, of

Hammersmith, had been busy devising an electric telegraph, and
succeeded in working it on a small scale between two stations

525 feet apart. When the possibilities latent herein were com-
municated to the Admiralty, the reply was received that “ tele-

graphs of any kind were wholly unnecessary, and no other than
the one in use would be adopted.” The British Admiralty’s stolid

refusal to see any better way of doing things than that of the

time-worn groove was emulated by a large proportion of the

British nation when war was declared four years ago, and the

silly formula, “ Business as usual,” was flaunted about. The dis-

illusionment soon came, for the voice of Science began to assert

itself, and demanded audience, until the stolidity that was pro-

A^erbial began to melt, and the need of organising the study and
application of science was realised simultaneously with the dawn-
ing of an unpleasant feeling that the enemy had been beforehand
in this matter.

Then it was that the leaders of science laid the responsibility

for the lethargic condition of the nation at the door of the Gk>v-

ernment, and charges of administrative inertia with respect to

the support of science as a national duty were heard.

The reply of the British Admiralty to Ronalds, of Hammer-
smith, is an instance by no means unique of corporate self-com-

placency in regard to science: an entire nation exhibited a similar

mental twist when that brilliant chemist, Lavoisier, was executed
by the French Republic in 1794. After his sentence he had
pleaded for a fortnight’s reprieve in order that certain experi-

ments on which he had been engaged might be completed, but the

reply was, “ The Republic does not need such,” and so the guillo-

tine terminated Lavoisier’s researches. We speak of Liebig as

the father of modern agricultural chemistry, and justly so, but

the extent to which Liebig might have been forestalled had not

the blundering short-sightedness o:f the French Revolution

sheared Lavoisier’s life away nine years before Liebig was born
we shall never know.

“ Wholly unnecessary
!” “ We do not need such !” The

ejaculations, we say, of a purblind administration—of an ob-

sessed nation ! And yet, to-day, 120 years after Lavoisier’s death,

even to-day, after four years of intense warfare, it is surprising

how much we are still inclined to echo the stupid cry of the

Republic, “ We do not need such
!”

What foundation is there for such an assertion ? What
warrant has one for diagnosing national lethargy and adminis-

trative inertia? Listen to some evidence. Many of us in South
Africa have most perverted notions of what the national attitude

with regard to the study and encouragement of science should

be. In the United Kingdom, they probably imagine, that attitude

is all that could be desired, and here, most likely, it is just what
it is there. Both assumptions are incorrect, but as I do not wish

you to accept such a statement on my bare assertion, I ask pardon
for introducing several quotations. Much strong language has



president’s address. 5

been uttered on this subject since the war began, but little of it

has been stronger than that of the eminent bacteriologist, Sir

Ronald Ross, in Nature of January 13th, 1916— 17 months after

the declaration of war :

—

It is idle to disguise the fact [said he] that recent events have filled

most educated persons with a sense of extreme resentment against the
administration of this country. . . . It is felt by many (and I am one
of them) that we live under the rule of the invertebrates. The people
who administer the country are not the best, the most vigorous, and the
most sagacious of men. They are too often the time-servers and the
mediocrities. The maladministration of scientific affairs is only one of
the many forms of maladministration

; but, on the whole, I think it is

perhaps the most important form, because it gives to the mind of the
whole nation a lower, a meaner, and a thoroughly sentimental and
unpractical turn.

Scarcely less trenchant in parts is an editorial in Nature of
March 29th, 1917—31 months after war was declared. There
we are told that

such matters have been too much in the control of the clerical establish-

ments? who are ignorant of the significance of chemistry, and its vital

importance to the interests of the country.

Even if one had no other evidence, the obvious consensus
of opinion on the part of scientific men throughout the length

and breadth of the British Dominions should suffice to convict

the nation of criminal neglect of science in general, and of chem-
istry in particular. Witness against this neglect has, I say, been
borne in every part of the Empire. In England, Sir William
Crookes suggested as a remedy a Ministry of Science, and repre-

sentation of Science on the Privy Council. In the Nova Scotian

Institute of Science, Professor Fraser Harris put forth a power-
ful plea for the institution of a Department of Science, presided

over by a Cabinet Minister. The comfortable mental inertia of

the British race he deemed to be such that “ nothing less than

this irruption of Teutonic brutality ” could have shaken it, and
so he urged that the official interests and the economic aspects

of science should be presided over by someone who knows some-
thing about them.*

Not mere lapse of time—not six score years of unparalleled

scientific progress since the day when France rewarded the dis-

coverer of oxygen with the guillotine—sufficed to break down the

impenetrable crystalline structure of the British mind. Natura
non agit nisi fluida, and so a stupendous war had to intervene

and melt this composite solidity before anything like chemical

action could be brought about. The war has been called a chem-
ists’ war. It has been described over and over again as a war
between the engineers and chemists of the belligerent countries,

with chemistry in the front ranks. Within limits the statement

is true, and certainly it is far nearer the truth than many admin-
istrative authorities realise. Bearing that in mind, hear the

testimony of two chemists of note, one from the British and
one from the American side of the Atlantic.

* Nature (191 7), 99 . 237.
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Prof. G. G. Henderson, of the Royal Technical College,
Glasgow, addressing the British Association as President of
Section B, animadverted strongly on British failure to keep pace
with other countries in industrial chemistry. This he ascribed
to the general ignorance of and indifference to the methods and
results of scientific work which characterise the people of Great
Britain.

For many years past [he said] our leaders in science have done all

that lay in their power to awaken the country to the inevitable and deplor-
able results of this form of “ sleeping sickness/’ but hitherto their recep-
tion has been much the same as' that accorded to the hero of “The
Pilgrim’s Progress: “they lookt upon him, and began to reply in this sort:
Simple said, I see no danger; Sloth said, Yet a little more sleep; and
Presumption said, Every vat must stand upon his own bottom. And they
lay down to sleep again, and Christian went on his way.”*

Similar in its kernel was an utterance by G. W. Thompson
in the course of an address to the American Institute of Chemical
Engineers last year.f

Germany has made great advances in chemistry. Some think that
this is due to her system of education, and probably this is partly true.

Some think that it is due to the far-sighted wisdom of public men. This,
too, is probably partly true, but the real success of chemistry in Ger-
many in my own opinion has been due to its greater popular appreciation.

. . . Progress ultimately is in the people of a nation, their developing
thoughts, their appreciation of the world that is about them.

One is astounded to find that a blundering nation may receive

a staggering shock as a result of its blundering course and yet

persist in the selfsame course. One expects a civilised nation

to show more common-sense than a flock of sheep dashed into

by a railway train. Britain was staggered when she discovered,

at the outbreak of war, her extreme poverty in three departments
of chemical manufacture—synthetic dyes, synthetic organic prin-

ciples, synthetic drugs. One might imagine that this would have
taught her wisdom, and that she would forthwith have begun
employing her chemists to best advantage

;
but no, it was not

until the introduction o'i asphyxiating gases by the Germans
that it began to dawn on Britain that she was acting unwisely
in making musket-bearers of her chemists. It was then, as

Nature points out,:]: that the War Office called for volunteers

with training in chemistry, and formed a new fighting force,

selecting the officers from chemists already holding commis-
sions, and transferred non-commissioned officers and men with
scientific qualifications from other units,” But the awakening
came far too late to be of the service that it might have been.

Let me quote to you some forcible sentences by Dr. Geoffrey
Martin, a graduate of the Universities of London, Bristol, and
Rostock, a lecturer on technical chemistry in one of London’s
University colleges, one of the most lucid writers of the day
on both theoretical and applied chemistry, and the author of
numerous works both in English and in German. He says :

—

* Rept. Brit. Ass. for Adv. of Sc. (1916), Newcastle-on-Tyne, 369.

t Journ. lnd. and Eng. Chemistry (1917), 9 [2], 182.

t March 29, 1917, p. 85.
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British chemists believe that if their Government had listened to them
years ago the Germans would have been beaten in the early
stages of the great war, and that thousands of lives would have been
saved, [and that] in the autumn of 1914 Germany was saved from a
crushing defeat because she possessed the sense to encourage her
chemists.

We may, however, candidly admit that the Anglo-Saxon pub-
lic has gone some distance in the direction of learning wisdom
during these four years. An American chemist was delivering a

presidential address to an academy of science on the evening of
the day on which President Wilson signed the Declaration of
War, and he said that

probably the greatest contribution to science of the present war is the
awakening of the average mind to the power and value to mankind of that

group of phenomena which we study as chemistry. This is probably
because we most easily grasp and appreciate applications rather than
generalisations, and the use of chemistry in war has been a revelation to

the general public.

My predecessor of three years ago, in a paper read by him
at our Stellenbosch meeting last year, urged that “ each State

must be organised for efficiency.” If that be aimed at, then the

principle “ Every man in the post that fits him best ” will have
to become one of the guiding principles of organisation, as it

has done in the United States. The Western Allies were slow
to realise the need of applying this principle, at all events as

far as scientific qualifications were concerned, but they have
begun to see it now. In the “ Report on the War Service for

Chemists ” to the Council of National Defence of the United
States, it was stated that

England, France, and Italy found it necessary to recall all chemists from
the ranks; Canada does not allow chemists to enlist; chemists have saved
Germany up to the present time.

Prof. Camille Matignon, writing in the Revue Generale des

Sciences in January, 1917, explains how this salvation was
brought to pass. Germany would surely have been faced with

disaster at the commencement of the present war had she not

devised means of providing herself with a sufficiency of nitrates.

These were absolutely essential for the production of explosives,

and the outside supply being cut off, Germany could only be

saved if the problem of converting ammonium sulphate into

nitrates on a large scale could be solved. How this was done is

too long a story to tell here
;
suffice it to say that by encouraging

people to use gas and coke instead of coal a large annual output

of ammonium sulphate was secured, and by the end of 1915 the

Anhaltische Maschinenbau Gesellschaft of Berlin had established

30 installations for the conversion of this into nitric acid at the

rate of 100,000 tons per month by means of a process newly
worked out by Frank and Caro. A factory employing Pauling's

process for the preparation of nitric acid from atmospheric nitro-

gen was established in Saxony, and a third method—the direct

synthesis of ammonia—was subsidised by the German Govern-
ment after the Battle of the Marne, so as to increase its annual

production to 300,000 tons of ammonium sulphate.
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Contrast with this the official attitude in Great Britain when
the war began. “ The need for fit men was the first considera-
tion,” says the Editor of Nature* and the need for chemists, as

such, in other spheres directly connected with war was not at

first recognised. Offers to the War Office of scientific assistance

emanating from organised bodies and from individuals were
politely acknowledged, and pigeon-holed for future reference in

case of necessity. The British Admiralty and Ronalds over
again

!

It is true things are somewhat different to-day in the Old
World : to quote a recent address by Prof. W. J. Pope, F.R.S.,
of Cambridge, President of the Chemical Society :f

The general public, the public authorities, and our governing bodies
now regard as vital to the interests of the country a science which they
previously left unconsidered as being of purely academic interest.

The error has been fully and frankly admitted. As the

editor of the American Journal of Industrial and Engineering
Chemistry wrote a few months ago,J

France and England fully acknowledge that they greatly decreased
their efficiency by sending their scientific men to the trenches. Although
they have since withdrawn most of those still alive,§ and are now using
them in special service, the dearth of technically-trained men has been
and is severely felt.

As I make this quotation I think in particular of such a

man as the late H. G. J. Moseley, whom I had the privilege of
meeting in Australia four years ago, and whose work in England
as a scientific investigator was incomparably greater than the

brief service which he rendered in the fighting-line before his

brilliantly begun career was cut short—a man of whom the

Chairman of the Chemistry Committee of the United States

National Research Council said that he was allowed to go to the

front when he should have been retained at home at all costs.

When America first entered the war there was for a brief

period the danger that she, too, would follow the mistaken lead

of England and France, and so Dr. W. H. Nichols, Chairman of

the Committee on Chemicals of the United States Council of

National Defence, felt impelled to say:

Already serious trouble has come to many of our chemical plants, and
plants employing chemists, as a result of the draft, and unless wise pro-
vision be soon made we can foresee a condition which it will cost months to

rectify.

Lieut. Engel, of the French Commission, drove home these

remarks

:

I desire first to emphasise [said he] the mistake it is to take chemists

from where they are most needed, and to place them in the trenches, as

we did ourselves, and have lost them where they were most needed—in

the laboratories and the industries. We made this great mistake at the

beginning of the war. We took all chemists available and sent them into

* March 29, 1917.

t Chem. News (1917), 116
, 199.

i (1917), 9 [
1 1 ] ,

1002.

§ To the number of 128,000, it is said.

—

Journ. hid. and Eng. Chem.

(1917), 9 [ 1 1 ] ,
1009.
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the regiments, mostly the infantry. Perhaps we lost 60 per cent, of the
mobilised chemists below the age of 40. . . . At the National School,
in the scientific department, there was a loss of about 52 per cent, m the

first ten months of the war. I cannot tell you emphatically enough that

we must in all of our allied nations do our best to keep scientific men
where they are most needed, not only for war problems, but for the future
upbuilding of these nations.*

Such quotations as the above afford an informative pano-
rama to the average South African, who has, I fear, but little

conception of the manner in which the position is regarded by
scientific men overseas

;
they give us, moreover, some inkling of

where Germany’s power and our own weakness lie. If we wish
to probe a little further into ulterior causes, we may find some-
thing of what we seek in Sir Ronald Ross’s remark that

for more than half a century before the war England has ceased to be
fan intellectual nation

;
the public at large has remained indifferent to

science, art, literature, invention, and all the great intellectual pursuits,

and has given itself up to game-playing, party-politics, faddism, and a
debased drama. We are now paying the penalty, and, if I do not mistake,

will have to pay a heavier one before the end.

How is it that we do' not realise that they do these things

differently in Germany? Mr. A. G. Thacker, writing in Science

Progress 18 months agof on the recent advances in anthropology,

had occasion to refer incidentally to German science, and used
these words

:

Even now the people of this country do not properly appreciate the

fact that the remarkable strength displayed by the German nation during
the last thirty months has been very largely the power of German science.

Failing a much more adequate cultivation of science, there will be no
great future for Great Britain.

Now why has German science such a power? The answer
is : Because of the wise policy pursued in connection therewith.

Let me offer you an illustration. Prof. J. Stieglitz, of the Uni-
versity of Chicago, President of the American Chemical Society,

a few months ago said with special emphasis that, in his opinion,

the most important single factor which would lead to a tremen-

dous increase in power in the industrial development of the

United States is not immediately a question of scientific achieve-

ment, but a factor found in a simple psychological analysis of

the country’s industrial situation4
Let our manufacturers but awaken [said he] to the full meaning of

the simple old behest that the labourer is worthy of his hire, and they will

be astounded at the results.

He went on to relate how the chief chemist in one of the

largest manufacturing concerns in the country perfected a device
that saved the corporation perhaps 80,000 dollars a year : his

reward was a princely increase of 200 or 300 dollars a year in

salary. “ Let me say,” he continued, “ that I promptly took him
away from this corporation—we cannot afford to waste good
men in such places.” American tendency, he said, is to exploit

* Jour. Ind. and Eng. Chem. (1917), 9 [10], 925-926.

t January, 1917, p. 477 -

+ Science (191 7), 46
, 324, 325.

B
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the chemist as an employee, instead of treating him as a partner,
and by way of contrast he mentioned the Badische Anilin-Fabrik,
where, from the lowest workman up to the highest chemist, every
individual is by contract guaranteed a royalty, a definite share
in the money earned or saved by any suggestion or discovery
on the part of the individual. Britain, I need not say, approxi-
mates in this respect more to American than to German practice,

and to say what some of Britain’s colonies do is quite superfluous.
Often we find that private manufacturing firms, who ought to

be employing whole-time chemists of their own, seek to make
amends for the lack by periodical interviews with Government
chemists. On the other hand, it is a significant comment on the

rate of remuneration in Government scientific departments that

one of the most important laboratories in this country should
have lost five members of its staff within the last six months
because considerably better financial prospects were offered by
a private firm and by an adjacent administration—this at a time
when the Government was already advertising for three chemists
to fill other vacancies caused by the war.

American scientific journals have reiterated that chemists
have become scientific hacks solely because they have not made
their voices heard. They are, I know, proverbially a patient

class, and have ever been so. As long as 200 years ago Pope
spoke of

The starving chemist, in his golden views
Supremely blest.

But there are limits.

Let me revert to the comparison between British and Ger-
man methods in regard to chemists. In a supplement to the

Manchester Guardian of June 30th, 1917, Prof. A. G. Green
attributes the decadence of the dyestuff industry in Britain, and
its prosperous career in Germany, to the fact that though in both

countries the managing firms were originally chemists, those in

England gradually passed into the hands of purely commercial
men. Some of you may recollect that, in my presidential address

given in this city three years ago to the South African Association

of Analytical Chemists, I referred to the British efforts to regain

the lost industry, and quoted the late Prof. Meldola as saying that

the supposition that this could be done by starting a company
whose directorate is to consist solely of business men is simply

ludicrous. What do we hear on the subject to-day? This:

The Government meant well, the business men meant well, but after

three years the hard facts can no longer be denied. The protests of British

scientific opinion, ignored at the time, are in the event justified beyond
all measure. The fact is, it is not enough to mean well ; it is knowledge
that is wanting, not good will.

That is the state of affairs in Britain : how far is South
Africa behind Britain?

South Africa is a new country, and her future—she imagines
—lies all before her: shall we be right in adapting Mr. Thacker’s
remark that, failing an adequate cultivation of science, she will

have no future at all? On the other hand, one does not wish
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these reflections to he misunderstood. A mere cultivation of
science is hopelessly inadequate to ensure the best results. If we
never realised 'this before, we should certainly be positive of it

now. South Africa, I trust, will have something more than mere
organised science. G. K. Chesterton has said that the weakness
of Prussian organisation is that it is destitute of all that is or-

ganic. An organ is not at best, he says, when it is a barrel organ.

Precisely what makes the difference between the mechanical and the
organic is the presence throughout the system of that invisible vital

principle which we call in the lower organisms “ life,” and in the higher
organisms “ soul.”

I have spoken about the symptoms of inertia : to a certain

extent it has been generally admitted that the diagnosis is correct,

and efforts are being made to apply remedies, but it is to be
feared that in some cases, even where the heart has been put
right, the head is still woefully wrong. Prof. W. J. Pope has
wisely insisted that public opinion should be educated to realise

that concentration upon scientific progress, urgent in time of war,
is also vital in time of peace*. Iif such be not done, legislators

and administrative bodies will be in danger of flying off at a

tangent when a crisis occurs, and when a nation thus loses its

head, panic legislation sometimes results : measures are adopted
which effect more harm than good. We, I trust, are not in such

a condition now. Nationally, our heads may be cool enough, but

the dawning sensation- that our nurture of science has been de-

fective and is in urgent need of buttressing has roused in us a

zeal which, at times, I fear, is not altogether according to know-
ledge, and that blessed word “ research ” is again brought for-

ward, dazzling the uninitiated with the fancy that it is a kind

of Kut-el-amara, by the taking of which we may expect to gain

control of all Mesopotamia.

Is it consistent—not to say dignified—on the part of a nation

and its rulers to treat science with apathy, and starve scientific

investigators in days of ease and plenty, and then to turn to

them with wringing hands when smitten by panic? Some years

after I was first appointed to a position under the Government
of the Cape Colony, a far-seeing permanent head of the Minis-

terial Department to which I then belonged, said to me, “ If I

could have had my way, twelve chemists would have been ap-

pointed instead of one.” If nothing more than the mere training

of men for such posts had then been begun, and appointments

made five or six years later, a vast amount of useful work
accomplished would now stand to the country’s credit. Now
turn to another picture. When the South-West African Cam-
paign was undertaken, and there were fears of the water supplies

being poisoned, and there was a dearth of chemists, a score of

men were sent helter-skelter into my laboratory one day, and I

gave them an hour’s experimental lecture on testing for poisons,

after which they were attached to various units, provided with

the requisite appliances, and despatched to different parts of the

* Chem. News (1917), 202.
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invaded territory, in order to apply their hastily-acquired skill.

Most of them had never before had so much as an hour’s lecture
on chemistry in their lives.

Panic research will undoubtedly lead to effects analogous to

those resulting from panic legislation. In neither case can the
procedure be sane, well-considered, evenly-balanced. In the
United States Experiment Station Record last October it was
said that

The lesson has been taught that research cannot be carried on spas-
modically under stress of temporary emergency, but must go forward
continuously, year in and year out, from generation to generation. And
it must be surrounded by conditions in which it will best thrive, without
the handicap of being expected to produce something every day of imme-
diate market value or application.

Now in many respects our mode oif action in the past has
been the exact antithesis of this. Let me given you one example
from a printed report of my own, dated 13 years ago. Discussing
the investigation of our poisonous plants, I remarked

:

This most important branch of the laboratory’s work is perhaps the

most unsatisfactorily performed. It is carried on at present in a most
casual way, instead of being earnestly and systematically undertaken.
Whenever a poisoning or suspected poisoning case occurs, problems have
to be grappled at short notice, and in a hurried and therefore often per-

functory manner, which should have been carefully investigated at leisure

months beforehand.

In eleven successive annual reports I continued making
allusions to this matter, and in a report four years later than
that just quoted from I said:

The complaint that I have to make is that the casual and incidental

character that these investigations are compelled to assume greatly militates

against results of enduring usefulness being arrived at. Matters of

this kind should be dealt with because of their intrinsic value

and not, as they at present are, merely as side-issues to the legal

proceedings against some “ Kaffir doctor.”

In scientific research, as in so many other phases of activity,

if is “ slow and steady that wins the race ”
: ad hoc measures only

court failure
;
and carrying this principle to its logical conclusion

means that research in pure science has the strongest claim on

State aid and encouragement. Prof. A. W. Crossley, in an address

on “
Science and industrial problems,” delivered before the Royal

Institution about three years ago, aptly quoted a remark made,
some two months before the war broke out, by one of the world’s

most prominent industrial chemists
—“Pure scientific research

work, carried out in the laboratory, is the soul of industrial

prosperity ”
;
and, as Sir J. J. Thomson has said, applied science

may lead to reforms, while research in pure science

leads to revolutions, a remark which may be supplemented by

one of Prof. W. J. Pope, that “ practically every useful chemical

development of a technical kind has arisen as the result of some
purely scientific investigation.’’*

But this is not the class of research that appeals to Govern-
ments : the research that they want and are willing to encourage

* Chem. News (191 7), 116
,
200.
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is of the ad hoc type—perfectly utilitarian. Read what an edi-

torial in Nature of June 21st, 1917, says in this connection:

Though we are assured that “ after the war ” scientiiic research is to

receive substantial aid from the State, there is reason to fear that this aid
will be given with qualifications. In other words, the promise is extended
only to investigations calculated to further the * ends of commerce.
Students of what is commonly known as “ pure science” will not only not
participate in the grants that are to be made, but they may be called upon
to subsist upon even smaller doles than were allotted to them in the

pre-war days. Our administrators seem incapable of appreciating the

fact that
“
applied science ” has its roots in “ pure science,” so that if

these be starved the tree will of necessity be stunted.

But surely, some may say, during a period of great national

emergency, at all events, we cannot afford to spend on pure
scientific research time and money which should be devoted to

the objects of the immediate and critical present. Admitting
that there may be validity in such an argument, and that those

researches which concern the manufacture of arms and ammu-
nition are vital, yet an adequate supply of foodstuffs is equally

essential even for the waging of war, and that supply depends
upon the nation’s agricultural prosperity, which is in turn de-

pendent upon the farmer’s ability to maintain his soil at its

normal productivity, and, if possible, to increase the latter. More-
over, it remains for the close of the war to reveal how much
pure scientific research has been able to achieve in the years

through which we are now struggling; and let us never forget

that excessive devotion to the merely practical may hinder rather

than help the attainment of even the most “ practical ” discoveries.

To quote some lines from an address on “ Industrial re-

search and the colleges ” given last October by Dr. A. E. Ken-
nelly before the American Institute of Electrical Engineers

:

While under extraordinary circumstances, such as those due to the

present World-German war, the pure science departments may advan-
tageously take up industrial research, yet, as a general rule, the best con-
tribution of those departments to industry is by restricting their attention

to pure science.

Sir A. G. Bourne, F.R.S., in his presidential address to the

Indian Science Congress at Bangalore, in January, 1917, said:

Who can say how many profound truths await discovery because some
utilitarian who happened upon a glimmering of them did not think it

worth while to pause and investigate the apparently irrelevant? . .

How much patient work and loving care have been bestowed upon inves-

tigations seemingly impossible of application to any of the specific

problems of the day? Upon research of this kind no utilitarian would
have been at all likely to embark, yet, sooner or later, such research has

either proved capable of direct application, or—and this has more often

been the case—has unexpectedly formed a corner-stone, or occupied a

more humble, but still useful position, in building up some far-reaching

generalisation capable of being seized upon at once by the worker in

applied science, thus in turn perhaps stimulating further scientific

research.

Such remarks as the above, many times repeated in varying

keys and modes, are slowly educating administrators and the

public, and one is not without hope that at some not very distant

date the value of true research in pure science may be far more
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generally realised that it now is. Meanwhile one may rejoice

that even applied science has received an amount of recognition
formerly denied to it, or at best grudgingly conceded. In this

connection a most unfortunate fact is that almost everyone who
has had a general education imagines himself in the possession
of sufficient knowledge of scientic subjects tp be able to decide
what kind of research should be undertaken in each branch.
Here such a science as astronomy has an advantage : the average
educated man is so ignorant of astronomy that the astronomer
is usually left to pursue his investigations unmolested, and it

is only when persons who themselves carry on these pursuits

prostitute science to personal ends that the astronomer finds him-
self obstructed by lay intervention. An instance of this kind
seems to have occurred when Sir David Gill had served the

Admiralty for as long a period as 15 years. In a letter to Prof.

Kapteyn, Sir David wrote

:

A deliberate attempt was made to hand over the Observatory to the

Cape Government—which would have been equivalent to its extinction

—

and the appointment of a successor to George Maclear (one of my assist-

ants) was refused—in consequence of statements made to the Treasury
that I had been neglecting my proper duties and been observing minor
planets and other pursuits on my own account. Fortunately Newcomb
wrote me a letter, acknowledging in strong terms the value of the Cape
work to the American Ephemeris, which gave the lie direct to my false

accusers, and ended in my getting a warm official letter of thanks from
the Admiralty for these very services.*

Another instance of workers in science endeavouring to

thwart research may be quoted from the same book (p. 175) :

It would be laughable [says Mr. Forbes], if it were not almost tragic,

to record the fact that Gill’s work was opposed because, at a Royal Society

Conversazione in 1886, his photographs, showing so few stars, were placed

beside the long-exposure photographs of the Milky Way, showing thou-

sands of stars. Gill wrote to Newcomb: “I told them that I had heard
of babies crying for the moon, but I had never dreamt of anything so

funny as a row of Fellows of the Royal Society insisting on having more
9^ magnitude stars in the heavens, else they would stop supplies.”

Unfortunately astronomy is not the only branch of science

in regard to which such episodes as the above have occurred,
but there is surely nothing more reprehensible in the history of
scientific investigation than opposition to the inception or con-
tinuance of necessary work, engineered by those who should
be aware of the value of that work, but who labour to oppose
it in order to serve personal ends. Proceedings like these would
be less likely to occur if there were a Department of Science as

suggested by Sir William Crookes and Prof. Fraser Harris, for

such a Department would be less liable to be misled by the un-
scrupulous, and better able to gauge the capabilities of its workers
and the value o4 their work.

After four years of war we are looking forward to a time
when accounts shall be ruled off, and a balance-sheet drawn up.

Each country, each State, will be estimating its assets and lia-

* George Forbes, F.R.S., “ David Gill : Man and Astronomer,” pp.

300- 1 .
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bilities, and unquestionably such a process will go on in this

Union amongst the rest. We are continually hearing a great

deal about our assets : last year at Stellenbosch the Rev. Noel
Roberts reiterated the view that the native population is one
of South Africa’s greatest assets ;* we need not be told to regard
the country’s enormous mineral wealth as one of its chief assets

;

and the economic potentialities of our almost boundless floral

riches constitute another, while the many still untapped resources
of agriculture form an asset that is almost without rival in variety

and importance. If the end of the war is to find the country a

going concern—to adopt commercial parlance—we should not

risk the need of having to put up our shutters for stock-taking

when peace comes: we should reckon out and invest our assets

without delay, so that the proclamation of peace may find them
at least on the high road to the production oi substantial interest.

We are, I know, working in that direction, but is there that

v/hole-hearted co-operation that is so highly essential if a commu-
nity means to succeed in a task that calls for grit and strenuous

action ?

As we wax hot in faction,

In battle we wax cold.

We have at times considered the subject of a national bo-

tanical survey, but for some unexplained reason this matter,

economically so important, hangs fire. South Africa had, a cen-

tury ago, acquired a world-wide reputation as a field for botanical

students, and, in addition to botanists from other continents, is

now building up botanical schools of her own. The worth of

a botanical survey is everywhere admitted, and even the type of

person who shrugs his shoulders at observations of minor planets

has no botanical counterpart. Yet the survey lags, and not alone

South Africa, but the world, remains the poorer on that account.

One hesitates to surmise reasons for the delay, but so much is

certain, the vastness of the undertaking makes it imperative that

the co-operation of every possible worker' shall be enlisted, and
the American principle, “ Every man in the post that fits him
best,” would no doubt find loyal acceptance with all.

The need of an agricultural survey of the country’s soils I

have discussed on several previous occasions, t Such a survey,

if it is to be thoroughly carried out, should include a study not

only of the inherent character and properties of the soils them-
selves, but also of the soil in relation to its environment

;
that

* Rept. S.A.A.A.S., Stellenbosch (1917), 88.

t See inter alia—
Senior Analyst’s Report, Cape of Good Hope (1892), 6.

“ Need for organised research in Cape Colony ”
: Addresses and

Papers, Brit, and S.A. Assocs. for Adv. of Sc. (1905). 1
,
221.

“ Fertility of some Colonial soils as influenced by geological con-
ditions

”
: Trans. S.A. Phil. Soc. (1907), 18

, 13.

Presidential address, Sect. B, Kept. S.A. Assoc, for Adv. of Sc.,

Bloemfontein (1909), 33.

“The study of the soil”: Agricultural S. Africa (1910), 19.

“ Soil Surveys”: Proc. 1st Ann. Transvaal Dry Farming Congress

(1910), 25, 30.
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is to say, the soil must be studied both absolutely and relatively.

Regarding the soil itself, we have to study its chemistry, its

physics, and its biology, the last including the indigenous vege-
tation on the surface as well as the micro-biology beneath the

surface. In respect of the soil’s external relations, we have to

learn all that we can about the orography, the geology, and the

meteorology of the tract of country surveyed. Hence the soil

may be studied, as to its inherent qualities, in the soil laboratory

(though only after having been properly .sampled)
;
but as to

its external relationships co-operation with the surveyor, the

geologist and the meteorologist is needed.

The whole subject of soil chemistry in relation to crop pro-

duction is comparatively little understood, not only in South
Africa, but all the world over. How little we know of it we
realise but too keenly when the world is faced with a wheat
shortage. All things are in a state of flux,* said Heraclitus, the

Greek sage, and he doubtless had a prevision of twentieth-

century science. It is little more than half a century ago that

the doctrine began to be preached that the crop-producing power
of a soil can be determined by a mere chemical analysis. There-
after arose a school that ridiculed such teaching, and upheld
practical plot experiments. To-day we find men like Patten

declaring that

the manner of conducting fertiliser tests by measuring the crop produced
has failed to materially increase our knowledge of soil conditions, and it

is* now quite generally recognised that it is unsafe to draw general con-
clusions from results based upon such experiments.!

All this shows the need of agricultural chemical research,

for which South Africa affords a peculiarly well-adapted field.

To come closer to particulars : the world has been threat-

ened with a wheat famine, and, second only to' the problem of

munitions, there has come the wheat problem. On the day that

I left Australia—two months after the declaration of war—the

Commonwealth newspapers announced that the Government had
authorised the immediate conversion of large extents of forest

into wheat lands, and had set great bodies of men to work at

felling the trees. Of late we, too, have begun to show some
concern about our wheat crops, and the two problems that faced

us were how to make existing lands yield larger crops, and how
to extend the present wheat area. These problems have been
rendered none the easier by the extreme scarcity of fertilisers,

and with us, as, indeed, all over the world, the scarcity has

brought to the fore another .problem—how to turn potential into

available supplies. These are all-important matters for research,

even in war-time
;
in fact, all the more important because it is

war-time..

Under war conditions, then, the cultivation of cereal lands

must of necessity be, as far as possible, intensive, and so we
need fertilisers containing not merely phosphates and nitrogen,

Tlavra pei-

t Mich. Acad, of Science, 13th Report. (19T1), 44.
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but containing them in a state as readily available as possible
for the cereals to absorb. How to get our raw materials into
this readily available state is precisely the problem on which
all our chemical energies should have been concentrated for some
time past.

Regarding the utilisation of our phosphate deposits there
is much work to be done, both on the field and in the laboratory.
The Saldanha Bay deposits were first investigated in the Cape
laboratories about nine years ago,* but until the war quickened
the pulse, very little was done in the direction of ascertaining the
best way of converting these aluminium-iron phosphates into a
form available to plants, and of their value in the unconverted
form we know scarcely anything more from field experiments
than we knew nine years ago. With regard to nitrogen, we
scarcely realise that we live at the bottom of an atmospheric
ocean of which the bulk consists of free nitrogen—free, not only
in the chemical sense, but likewise so free that no war can cut
us off from it as the present war has cut us off from the essen-
tially German potash

;
and not alone free, but abundant, for

there is a weight of seven tons of this nitrogen above every
square yard of the earth’s surface.

Now there are two nitrogen cycles in constant operation, and
in each cycle the animal kingdom has a definite part to perform.
There is a cycle of free nitrogen, and there is a cycle of com-
bined nitrogen. The former is relatively simple, the latter more
complex. We breathe in the free nitrogen of the atmosphere and
exhale it again, thus restoring it to the air unchanged, and as

free as it was before. The combined nitrogen taken by animals
as a constituent of their food undergoes a change within the

animal body, is returned to the soil as new nitrogenous com-
pounds in the form of manure, and becomes converted by the

soil bacteria into nitrates, which are capable of being absorbed
by the vegetation. Animals feed on and assimilate this vegetable

ifoodstuff, and so the cycle begins anew. The two nitrogen
cycles—the. breathing cycle and the feeding cycle—move in per-

fect independence of each other, and the problem of the chemist
—a problem that has been largely solved within little more than
the last dozen years—has been to' bring free nitrogen within

the sphere of operation of the cycle of combined nitrogen. I

say this problem has been to> a great extent solved. Chemistry
has discovered two methods which are commercially practicable

whereby the nitrogen of the air can be “ fixed,” as it is called.

One is the manufacture of cyanamide, which can then be used
directly as a fertiliser. For this manufacture two things are

essential—almost pure nitrogen and electrical energy as a source

of heat. The nitrogen is obtained by liquefying air, and allow-

ing the liquid air to evaporate, when the nitrogen boils away
first and is collected. This “ fractional distillation ” of the

liquid air is generally carried out in a Linde or Claude apparatus.

* C. F. Juritz: Report of Serfor Analyst, Cape of Good Hope (igog),
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The electrical energy is obtained from water-power. It is re-

markable that in the United States, where there is much water-

power available, there was not a single factory of the above
type when America entered the war. South Africa has many
rivers furnishing waterfalls of no mean size, but none of these

has hitherto been utilised in this direction.

The other commercial method for the fixation of nitrogen

is also dependent upon electrical action. Water is decomposed
into its constituent elements by electrolysis, and under great

pressure at high temperature the hydrogen is made to combine,

in the presence of a catalyst, with nitrogen produced by the frac-

tional distillation of liquid air, and thus forms ammonia. To
the practical operation of this process is largely due the fact

that Germany has still the means of manufacturing explosives.

The ammonia produced as above is converted into nitric acid,

also by catalytic agency in the presence of atmospheric air, and
nitric acid is the chemical basis of all explosives.

Before the introduction of these methods the far greater

power-consuming process of Birkeland and Eyde, first commer-
cially practised in the neighbourhood of the Niagara Falls, and
subsequently developed in Scandinavia, played a great part in

bringing within Germany’s reach the potentiality o'f producing
enormous quantities of nitric acid, and it was to the perception

of this potentiality by Germany that the present war was due,

for then began to be laid the foundations of the scheme of

munition production which in turn made it possible for Ger-

many to embark on a definite war policy.

That this was actually the position is now thoroughly well

recognised amongst chemists all the world over. The President

of the Ohio Academy of Science put the facts in a nutshell at

the Columbus meeting a year ago, when he said, in the course

of an address on “The relation of war to chemistry,” that, with

British control of the seas, German armies with all their num-
bers, thorough equipment, and splendid military power, would
have been impotent in a few weeks or months without the chem-
ical ability to get nitric acid from atmospheric nitrogen instead

of from Chilean nitrate, for without nitric acid high explosives,

and even smokeless powder, are impossible.*

The class of investigation that finds most favour amongst
Governments and populace in Britain and her dependencies to-

day is that which is commonly known by the name of “ Indus-

trial Research.” The reason of this is of course quite plain

:

both officials and public are capable of grasping the direct benefits

of applied science and technology, and hence technological inves-

tigation is frequently favoured in quarters where pure scientific

research is despised.

Obviously we cannot make any real advance in scientific

investigation or research unless we have adequate facilities,

ciualified workers, well-equipped laboratories. Naturally all this

* Ohio Journl. of Science. (1918), 18 [3 J , 70.
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means a financial backing, but we shall never reap the bounteous
fruits that science is able to afford until we cease to look upon
money devoted to such objects as expenditure, and dubious ex-

penditure at that, and begin to believe in it as direct investment.
As long as we hold the former view, scanty returns will be
deservedly proportionate to our niggardly treatment of science.

And the treatment has in the past been niggardly because—to

quote the editorial in Nature (March 29th, 1917) again

—

such matters have been too much in the control of the clerical establish-
ments, who are ignorant of the significance of chemistry, and its vital

importance to the interests of the country.

Prof. Pope, alluding, in an address given by him in the

Regent Street Polytechnic last October, to the establishment of
the Department of Scientific and Industrial Research with an
endowment of £1,000,000, asked why that experiment was not

made 20 years ago, at a time when it would undoubtedly have
prevented the horrors of the last three years.

We have suffered [he said] in the past from the exclusively British

method of making the specialist entirely subservient to the administrator,
the administrator being generally chosen because he is available, because
he is politically acceptable, and because he knows nothing whatever about
the subject which is to be administered, and is therefore not likely to be
prejudiced by any previous convictions. That process of appointing some-
one who knows nothing to supervise the work of someone who does
know how to do the job seems to have been at the bottom of a great many
of our misfortunes in the past.

There was a time—now, fortunately, long past—when I used
to be asked to submit an annual requisition for the “ drugs

”

which I would require in the course of my chemical work, and
the request used to be accompanied by an instruction to call for

tenders for the supply of these “ drugs ” from the various

pharmacists in the city. It was with the utmost difficulty that

I managed to persuade the authorities that the laboratory under
my charge needed not drugs but chemicals, and that the disciples

of Galen and Aisculapius were quite unable to supply those

needs
;
the chemist, whose concern during war-time is largely

with explosives, gases, foodstuffs, follows a calling totally dis-

tinct from that of the druggist, who concerns himself solely with

pills, potions and plasters
;
but this is a distinction wholly beyond

the ken of those pilloried by the editor of Nature.

Those days—when one used to be called a Trades Unionist

for suggesting that when a Government Analyst was wanted it

was scarcely appropriate to appoint a physician to the post

—

have happily passed away, even in South Africa, which gener-

ally lags behind in such matters, and thanks to such books as

Sir William Tilden’s “ Chemical Invention and Discovery in the

Twentieth Century/’ the general reader is at last beginning to

arrive at clear notions regarding the chemist and his work
;
not

a moment too soon, for, as a contributor to the Manchester
Guardian remarked a few months ago,*

* January, 9, 1918.
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it is high time that the public began to distinguish between the druggist
or pharmacist, who sells toilet articles and medicine, and the chemist,
whose prime business is chemistry and its application to production.

The popular confusion that formerly existed in the British

mind between the chemist and the apothecary is largely respon-
sible for the false perspective of chemical matters that the whole
British nation has had. In Germany such a Hogarth’s picture of
the chemist and his functions never prevailed.

It is unfortunately true that, however inadequate the value

placed upon chemical attainments and qualifications in England,
the position is distinctly worse in South Africa. Two years ago
the South African Association of Analytical Chemists appointed

a Sub-Committee to report upon the duties and responsibilities of
Government Analysts. The resulting report—a very exhaus-
tive one—was subsequently printed in that Association’s Pro-
ceedings,* and it proclaims with emphasis that with the emolu-
ments obtained by analysts in the Imperial Government Labora-
tory the conditions of the South African service compare most
unfavourably, a condition of affairs which it attributes to “ the

lack of scientific training extant among ministers and responsible

officials.”

The Government Laboratories [the report continues] could be more
fully utilised in investigating the industrial resources of the country. The
crying need of this country is research, and the Government should
provide the necessary staff and laboratories for investigational work

;
at

present, the time of the officials is largely taken up by work of a routine

character.

In another part of the report occurs this paragraph

:

This failure to realise the importance and necessity of the chemist is

found among the general public as well as among Government officials,

and it will be necessary, in order to effect an improvement and secure

proper recognition of the value of the chemist, to continually emphasise his

importance to the welfare of the State.

Many, no doubt, do not comprehend what functions the re-

search chemist can exercise in South Africa, and what scope the

country can offer for his labours. Following the United States’

principle of the best men in the best posts, where, they ask, can

we place him so that the country may, through his instrumen-

tality, reap the greatest advantage? To answer such questions

one needs, first of all, to consider how scientific research—and
therefore inferentially chemical research—may be distributed.

As a matter of convenience, a threefold grouping is adopted

—

university research, industrial research, and national research.

Adapting the definitions given by Mr. C. E. Skinner a few months
ago at a meeting of the American Institute of Electrical

Engineers, we may say that university research includes the pure
scientific research, which naturally finds its home in the univer-

sity and all other research done there for the purpose of training

men. Industrial research comprises all that done by or for

industrial concerns with the purpose of advancing industry.

* Proc. S.A. Assoc. Anal. Chemists (1916-17), 32-51.
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National research is that carried on by the Government for the

purpose of benefiting the people as a whole. Now it is plain

that between these three types of research there can be no sharp

lines of demarcation, but university research is often the step-

ping-stone to industrial advancement, while national research is

repeatedly industrial in its objects.

Mr. Skinner rightly holds that the primary function of the

university in research should be the training of research men,
and that universities should be equipped to turn out research

men just as they are now equipped to turn out men with academic
and engineering degrees. Prof. G. G. Henderson, in the address
from which I have already quoted, laid down that the training

of the chemist, so far as that training can be given in a teaching

institution, must be regarded as incomplete unless it includes

some research work.*

The demand for research. in almost every field is growing
with a rapidity wholly unprecedented, and to the universities

alone can we look for men able and ready to take their places

in the strenuous effort that is bound to be put forth on all hands.

We have just inaugurated a triple university system: Prof. Craw-
ford, in his presidential address to this Association at Maritz-

burg, asked and sought to answer what South Africa expects

from its universities, and referred, in particular, to the need of
encouraging the study of science and of furthering research. In

developing this theme he asked us to remember that the highest

form of research is not made to order, and that there is more
in genius than industry and opportunity. It would benefit us

to bear this in mind, and in juxtaposition with Prof. Crawford’s
words, to place a sentence from Mr. Skinner’s address

:

If it takes a genius to recognise a genius yet undeveloped, and
properly to stimulate and direct that genius, how necessary it is that we
place men of genius at the head of the research departments of our
universities.

It comes to this, then : that we should see to it that our

universities are well equipped with scientific research workers,

and it is pre-eminently desirable that a system of research pro-

fessorships should be instituted, the chairs to be occupied by men
of enthusiasm—men who will inspire a like zeal and devotion

amongst those of the younger generation whom they gather

around them, men of personality and character, who will kindle

in the breasts of the research students feelings of admiration and
respect for them and their work.

“ In training research men,” says Mr. Skinner again, “ the

university will naturally become the custodian and the promoter

of pure scientific research.” Here is the fountain-head whence
we shall ultimately draw our men for industrial research, and
for national research

;
how important, then, that the source of

all our supplies be of crystal purity ! Whatever more utilitarian

* Rept. Brit. Assoc, for Adv. of Science ,
Newcastle-on-Tvne (1916),

374 -
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form of research one may subsequently take up, research in

pure science is invaluable in the earlier part of the research

student’s career, for it will give him a zest and a stimulus that

will remain with him throughout, enrich his scientific imagina-

tion, and adorn all his subsequent work.

At the same time university research may lead to the most
utilitarian results : some of the most important dyes, artificial

alizarin, the phthaleins, indigo, and such drugs as phenacetin,

antipyrin, and aspirin, were all discovered in university chemical

laboratories.

Now, why have we so few persons doing research work in

South Africa? Is it in part because no research geniuses are

born, or is it that we failed to recognise them, and neglected to pro-

vide them with the essential facilities?—youths, maybe, on whose
humble birth fair science frowned not, flowers “ born to blush

unseen and waste their sweetness on the desert air,” mute in-

glorious Miltons, whose genius remained latent because we took

no trouble to draw it out?

Science to their eyes her ample page,
Rich with the spoils of time, did ne’er unroll.

Dr. P. G. Nutting about a year ago said that

some writers have spoken of the investigator as a rare individual, to be
sifted out from educational institutions with great care for a particular
line of work. My personal opinion is that a large percentage of the men
students are fitted for research work if properly started along the right

line.

What we in South Africa lack—next to the facilities for

research—is not so much the research students as the men to

start them on right lines. I think that Principal Beattie, at the

inauguration of the University of Capetown three months ago,

sounded the correct note in observing that the youth of South
Africa did not lack enthusiasm or ability for research, but they
lacked opportunity, and, he added, much depended on the men
they had as professors. That is the secret of it all. In this

dread war South Africans have more than once exhibited a phy-
sical courage and a pertinacity equal to anything that Australia

or New Zealand could show; why should not South Africa, then,

produce a Bragg or a Rutherford as well as Australia and New
Zealand, seeing that intellectul courage and pertinacity are two
indispensable qualities in a successful research worker? The
position is analogous to that which war has developed in Europe
and America : there the opportunity has made the man. An
American chemist already quoted said that

the German General Staff lias learned, if others have not, that German
chemical achievement, which is great indeed, is no sign that equal ability

does not exist elsewhere. The Allies and America improvised a muni-
tions industry in two years to match their machine of forty years’ pre-

paration.

And then he went on to make a remark which we may well

take to heart

:
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War could force us to do nothing we did not possess capacity for

before.

“ The potential research worker,” says the editor of the

United States Experiment Station Record
,

“
is probably less born

than made,” and Dr. Nutting thus clothes the same thought in

different language

:

Fertility of mind is not so much an inborn quality of the mind itself

as of the training and association which that mind has had.*

Hence it is our solemn duty as a young nation to provide

abundant facilities at each of our three universities for the

making of our future research workers.

We pass on to speak of industrial research, which always

has some utilitarian end in view, whereas the purpose of pure

scientific research is more exclusively philosophic—the discovery

of truth. The investigator in pure science has been likened to

the explorer who discovers new continents, or islands, or lands

before unknown
;
the investigator in industrial research to the

pioneer who surveys the newly-discovered land in order to locate

its mineral resources, to determine its forest areas, and ascer-

tain the position of its arable land.f

I quote these remarks with all circumspection, for after all

there are no sharp boundaries between research in pure science

and in applied or industrial science, and Huxley was right when
he wrote that “ what people call ‘ applied science ’ is nothing

but the application of pure science to particular problems.” The
fact is that applied science is impossible until a foundation of

pure science has been laid to build it on. You cannot apply a

science which is not there to apply, and, as Sir William Tinney
has said, until men began to interrogate nature for the sake of

learning her ways, and without concentrating their attention on
the expectation of useful applications of such knowledge, little

or no progress was made.

Industrial chemistry has been defined as that branch of
chemical science which uses all the rest of chemistry, and much
engineering, for the furtherance of production of chemical sub-

stances, or the use of chemical means or methods for manufac-
turing any material of commerce; and hence industrial research

for the most part differs widely from university research. True,
there are instances to the contrary : thus Michigan University

has at Ann Arbor a tank for testing ship resistance, and Illinois

University has a laboratory for investigations on a full-size loco-

motive engine, but industrial research is for the most part im-
practicable for universities, and as often as not needs to be
carried out under large-scale conditions, as it were in situ

,
and

by persons already possessing practical experience in the various

phases of the problem under investigation. At the same time

* Nature (1917), 100, 157.

t Col. J. J. Carty : Presidential address: Proc. Amer. Inst. Elec. Engi-
neers (1916), 35

, [10], 1415.
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there should be much closer co-operation between the university and
industrial research. Industry should recognise that it must depend
primarily upon the universities for its trained research men, and co-operate
to the fullest possible extent to the end that properly trained men be
turned out.

Da you realise what this last sentence involves—you who
are connected with the big industries? It involves that industry

should recognise that, from a purely selfish motive if from no
other, its interest lies in endowing research chairs at the univer-

sities, and in seeing that they are occupied by men of genius.

The very nature of industrial research implies that there must
be a constant accession to' the ranks of its workers of persons

trained in pure scientific research. If such accession be inter-

mitted, or if the increase of knowledge by means of pure scienti-

fic research be hampered, industrial research will inevitably be

limited in corresponding degree.

The Government has acted wisely and well in endeavouring

to establish a system of industries in this country : do we want
these industries to fizzle out, or to go through years of laborious

struggling? If we wish to minimise preventable disadvantages
of that kind, let us do without delay whatever we can to foster

research, so that the men to conduct it become available as soon

as they are needed.

National research approaches more nearly to the industrial

than to the university type. It is often undertaken for the

advantage of industry in general, but its outlook is considerably

broader than that above’ embraced within the scope of industrial

research, restricted, as the latter is, to the requirements of indi-

vidual industries. In South Africa the cry for industrial re-

search has become more imperative of late, and the Industries

Advisory Board, as well as the Scientific and Technical Com-
mittee appointed on the initiative of the Minister of Mines and
Industries, have gone some distance, both in educating the public

to the need of this type of research and in giving an impetus
in the required direction. Mainly, however, the agencies used
were of two classes : the laboratories of the University Colleges

and those of certain Government Departments, together with the

respective officers of those institutions-.

There are two fundamental principles on which I must now
lay stress: they are expressed in the words “co-operation” and
“ co-ordination ”—co-operation between workers in different

branches of science, co-ordination amongst those who work in

the same branch, in order that the maximum of benefit may be
attained. So interdependent, in fact, so interlaced, are the three

types of research to which I have briefly alluded, that it should

be patent as the sun at noon that the closest co-operation between
them all is essential. It is to be feared that this is not yet as

clearly realised as it should be. The waste of time and energy
that has arisen from overlappping, which in turn has resulted

from lack of collaboration, is incredibly great. It has stifled

work of value in the past to an extent that is certainly not
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realised
;

it has thrown back for many years branches of investi-

gation in which ere now incalculable progress might have been

made, and untold pecuniary advantages reaped. Would that the

dire necessity of this searchings war could stir up the South

African nation to a correct appreciation of the facts!

About a year ago the President of the Society of Chemical

Industry, in his address at Birmingham, insisted on the absolute

necessity for the engineer and the chemist to “ get into double

harness as quickly as possible,” and work sympathetically to-

gether for the progress of chemical industry. In South Africa,

too, this necessity has been manifested, but I am glad to say that

we have had more than manifestation : we have had realisation,

and we have had operation. For example, when, some months

ago, the fertiliser scarcity arose. I was deputed to investigate

the potentialities of unutilised raw materials in the Union, and

found, amongst other things, that there were several thousand

tons of good material going to waste in various places in connec-

tion with such institutions as slaughter-houses and crayfish can-

neries for lack of by-products plant to deal with it. When I

had completed my tour of inspection and furnished my report,

the engineers were charged to follow on, and set to work to

make good the deficiency in plant, with the result that a respect-

able quantity of fertilisers will now be produced from the refuse

that hitherto has been going to waste.

May I just here repeat—because they are still applicable to-

day—a few remarks which I made in my presidential address to

the Cape Chemical Society six years ago:

As an industrial science, chemistry never operates in isolation. When
we concern ourselves with the chemistry of the country’s vegetable
products, it is the science of botany that has to afford additional aid; if

it is general agriculture that we are dealing with, the chemist may also

have to work in co-operation with the zoologist, entomologist, or mycolo-
gist. Often, in connection with the investigation of the country’s mineral
products, and of its agricultural soils, consultation with the geologist is

required. In any case, there is this one outstanding fact : that these
various scientific offices need to be in closest touch with each other in

order to promote the smoothest working of the entire machine of investi-

gation as an organised whole.
This close contact between science and science is of great importance,

but it is still more important that contact between the various workers in

one and the same science should be as intimate as proper co-ordination
and organisation can make it. During its annual convention towards the
close of i9io

{
the American Society of Agronomy was very largely

occupied with the standardising of methods for conducting experiments.
It was then shown, again and again, that a large amount of experimental
work, done in the United States, has led to results which could not be
compared with each other, were difficult to interpret in a reliable way,
and were liable to lead to wrong conclusions, because there had been no
agreement as to method amongst the various institutions involved in the

work. We do not wish to have these mistakes repeated in South Africa;

our desire is rather to profit by the experience of other lands
;
but unless

we look well to our steps we stand to repeat some of those very mistakes

in an aggravated form. Therefore, lest we should go on a wrong track

with regard to this matter of investigation and research, two principles

should remain deeply graven on our minds : these are co-ordination of

effort and unity of plan.
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Some of us have read what H. G. Wells describes as ideal

in his “ Modern Utopia ”
:

In Utopia a great multitude of selected men, chosen volunteers, will

be collaborating on this new step in man's struggle with the elements. . .

. . Every university in the world will be urgently working for priority

in this aspect of the problem or that. Reports of experiments, as full and
as prompt as the telegraphic reports of cricket in our more sportive

atmosphere, will go about the world.

Clearly co-operation and co-ordination cannot become effec-

tive without efficient organisation. We were afforded a splendid

illustration of what may thus be effected in the case of a private

corporation on the occasion of the Stellenbosch meeting, a year

ago, when we visited the dynamite factory at Somerset West,

and listened to the historical account given by the general

manager. Established at the beginning of the present century

for the purpose of supplying dynamite to the Kimberley Mines,

the sphere of operations had so extended that during the twelve

months immediately preceding our visit the works had exported

to the Commonwealth of Australia over £100,000 worth of explo-

sives manufactured in South Africa, in addition to supplying

our own needs. From that manufacture other industries

developed, one by one, and the works now include plant for the

manufacture of sulphuric, hydrochloric, and nitric acids, and of

copper sulphate and the nitrates of barium and lead, while others

are under consideration. Farmers have been supplied with the

sulphur which they need for sheep-dipping and vine-spraying,

while 20,000 gallons monthly of a lime-sulphur solution for sheep-

dipping have been turned out. The works bid fair to develop
into a general chemical factory after the war. Thus far the

private concern
;
what we need in the way of a Government

establishment is an institute for research in pure and applied

chemistry—such a National Chemical Laboratory as Prof. Hen-
derson has been longing to see established in England, but Eng-
land is not yet sufficiently responsive. “ We don’t conduct
research,” says H. G. Wells, “ we simply let it happen.” Ah,
that is where England differs from South Africa—we don’t let

it happen : sometimes we make ourselves believe that we do, and
then we let other things happen to interfere with it. Why, I

have been pleading these twenty- four years in this agricultural

country for a properly organised system of chemical, physical,

biological research with respect to our agricultural soils, and it

has not come yet.

The way in which a nation can organise itself and its re-

sources for war has impressed a world. Other nations are

talking about organising themselves for the commercial struggle

that will ensue upon the present strife, but mere talking about
reconstruction will not enable us to face the future serenely.
“ We all talk about the weather,” said Mark Twain, “ but

nothing is done!” Why is it that England, France, Australia,

New Zealand, Canada, are mobilising their scientific men for

research? Dr. G. E. Hale, Chairman of the Department of
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Science and Research of the United States Council of National

Defence, says that it is because,

looking ahead, it was seen that the conclusion of peace would be followed

by a trade war with Germany, in which no industry not perfected by
scientific research could hope to succeed.

Can this country compete industrially with a country that

has shown one what organisation can achieve, if we starve the

very soul of industrial prosperity—pure and applied scientific

research carried out in the laboratory?

Mr. W. C. Dampier Whetham, F.R.S., in his recently pub-

lished book on “ The War and the Nation,” devoted a section to
“ The organisation of (British industry and commerce,” in regard

to which a reviewer says that

three years of war have done more than a century of peace to impress
upon the public mind the indispensability of scientific research to national

prosperity.

The result has been that the Imperial Government has called

into being a Department for the express purpose of organising

and directing research, and has placed considerable sums of

money at this Department’s disposal. But perhaps the most
important outcome is that

the leaders of British industries have begun to acquire the habit of working
together in order to conduct associated researches.*

Now let me emphasise the point that there is not one of

these industries for which the chemist is not essential at one

stage or another. An interesting ' address given some months
ago by the President of the American Cyanamide Company!
shows how universal the need of the chemist is. Two thousand
grades of glassware are required for a vast variety of purposes

;

for this the skilled glass-maker must w’ork under chemical con-

trol. The iron and steel of our cutlery, the extraction of silver,

gold, and, in fact, of all metals from the ores, need the chemist

at every step
;
the clothing we wear, the dyes that colour it, and

more particularly synthetic dyes, the host of other uses to which
cotton is put, the use of cellulose in the form of artificial silk

as a new textile material, all are interwoven with the resources

of the chemist. The preparation and preservation of our foods,

and the securing of their purity, both depend on chemical con-
trol. The manufacture of synthetic drugs, such as antipyrin,

phenacetin, sulphonal, veronal, novacain, aspirin, and salvar-

san
;
the introduction of synthetic perfumes like heliotropin, of

synthetic flavours like vanillin, of synthetic rubber and synthetic

camphor
;
the quality of the fuel we use, the efficiency of the

fertilisers we put into the soil, the extraction and utilisation of
the various animal and vegetable oils, and the conversion of some
of them into solid fats by catalytic agency, and so into soaps or
candles, with glycerine as a by-product

;
the production of liquid

* Journ. Roy. Soc. of Arts (1917), 65
, 755.

t Chem. News (1917), 116
, 157-159.
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fuels—every one of these would be impossible without chemical

aid.

There are a few facts regarding the chemist which I want
every South African, and particularly those in high positions, to

realise. First of all, get rid of the idea that he is a druggist

or pharmacist, any more than he is a baker of plumber, or

belongs to any other avocation in which chemistry takes a share.

And then, grasp the fact that there is scarcely an avocation on the

face of this earth into which chemistry does not enter, or wherein
the chemist would not be of some use. One does not need to

tell Johannesburg that it has to thank the chemist for its pros-

perity, for without him many of the mines would long have
ceased to work. The other great industry of South Africa,

agriculture, is at the mercy of the chemist in respect of the manu-
facture of fertilisers, and many agricultural products owe to him
the processes employed in their preparation

;
chemical operations

are fundamental to every branch of the dairy industry, the

making of jam, the drying of fruit; the tinned vessels in which
many of these articles are preserved are all subservient to the

chemist. Without him the economical production of metals of

any kind could not take place, there would be no locomotive
engines, no assurance that the water which these engines need
will not corrode their boiler tubes, no testing of the coal which
converts that water into steam, no provision of steel rails to run

the locomotives on, or, to go further, no steel armour for our

battleships and no alloys for shrapnel, aeroplanes, or submarines.

It is also the chemist’s work to control the driving power of ships

of war and merchandise alike, whether that driving power be

coal, oil, or electricity, 'for the materials employed by the elec-

trician must all in the first place be scrutinised by the chemist.

All explosives are essentially chemical in their make-up, and, in

fact, the whole army, as well as the navy, is dependent on the

chemist all along the line, inasmuch as he has to vouch for the

purity of all their supplies of food and drink, even well-

water
;

and not only their natural purity, but also their

freedom from fraudulent adulteration or deliberate poison-

ing. The various gases so much used in the present

war are all the productions of the chemist, and so are

the means adopted to secure immunity from those gases. It is

the chemist who controls the army’s drugs, disinfectants and
anaesthetics. The colouring of the material used for clothing

not only the military and naval services, but the whole civil

population as well, is subject to the careful scrutiny of the

chemist. His functions also include the manufacture of the

leather which provides an army with boots : without him that

leather cannot be tanned, as the entire wattle and other tanning

industries are conducted under his advice. The finished leather,

too, is investigated by him, lest fraudulent practices should have
participated in its manufacture. Without the chemist there

could be no books, for chemical processes are fundamental to the
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making of paper, of printing and writing ink, not to mention

again the materials wherewith books are bound and the colouring

of the binding. The production of illustrations in those books,

by whatever means, and also the whole art of photography, must

stand or fall with the ability of chemistry to assist them. And
then, as I have already said, there is the increasingly large sub-

ject of fine and synthetic chemicals, beginning with manufactures

like those of starch, glucose, and dextrine, the synthetic dyes

which surpass natural products in brilliance and permanence, the

synthetic perfumes which far transcend natural odours in

potency, the synthetic drugs which have done much to afford

relief to the suffering
;

artificial products—I do not say imita-

tions, for they are often better suited to their applications than

the natural products which they replace—artificial products in

substitution of rubies, of bone, horn, and ivory, of resins, and

of leather, are all the result of chemical research. Again and

again the chemist has shown us how to produce the most valu-

able commodities out of waste and refuse. The refuse of the

Bessemer steel works gave rise to one of our most efficient fer-

tilisers
;
the refuse of the gas works- provided the world with

dyes, drugs, and a marvellously long list of other useful articles

;

the waste of wool-washeries furnishes us with lanoline. Waste
wood, if destructively distilled, and, amongst others, waste wattle

wood, of which large quantities are annually available in Natal,

is capable of producing acetone, whereof enormous quantities

are now being used for the manufacture of propellants.

And so we may rightly claim that the present age is the age

of the chemist. The chemist has never before had such oppor-

tunities for the application of his knowledge to the betterment

of material conditions upon earth, and never has he more effec-

tively applied it to the attainment of this aim. It is also sadly

true that never before has he applied his knowledge with such
damaging effect as during the present war

;
but when the war

shall have run its course, all the chemist’s resourcefulness, all his

energy, all his persistence will be needed to repair the damage
done, and to start exhausted nations upon new lines of industry.

On the chemist, more than on anyone else, will this task devolve,

and in South Africa in particular he will find abundant work
awaiting him. Is he to be there to respond to the call? Then it

is for us to educate and train him to the necessary standard
;

it

is for us to provide the means whereby his purpose may be accom-
plished

;
it is 'for us to accord him sympathetic treatment. Do

not let us regard him as useful only as long as he is bound down
to routine work, and as academic when he is occupied with in-

vestigations beyond our limited capacity to understand.

We have heard much during the past four years of the diffi-

culties under which the chemist has been labouring in Britain

and America—of the apathetic attitude adopted towards him by
Governments, public institutions, and industrial concerns, of the

sparing hand wherewith the essentials for the pursuit of his
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investigations have been doled out to him. I have deemed it

very desirable to place before you this evening some of the

opinions which have been expressed on these topics north of the

equator, because I am convinced that many of our administra-

tors, politicians, educationists, and commercial men are wholly

unaware of the strong remonstrances which have grown to quite

a literature during these four years, and are probably under the

illusion that in South Africa the chemist has now the oppor-

tunity, if he cares to make use of it, to help the Union, with

eclat to himself, safely through some of the difficulties resulting

from the war. I have, in fact, heard such a view seriously ex-

pressed. The idea is, of course, perfectly absurd. At the same
time it falls to the chemist in particular to do all that in him lies

to aid production during this time of crisis, and to assist those

directly engaged in the work of production, whether it be the

manufactures or agriculture. And those who have it in their

power to strengthen the chemist’s hands in such a work will

themselves not only be aiding the State, but will be assisting to

bear up the lofty principles for the maintenance of which
amongst men Britain and her Allies are contending.

Thoughts somewhat akin to these were well developed by
the American chemist, James R. Withrow, President of the Ohio
Academy of Science, whom I have more than once quoted in

the course of these remarks, and now I close by commending to

your attention the concluding paragraph of his able and thought-
ful address

:

It has become so evident in this war that the intelligent and scientific

criminal is a terrible menace, and dislodging him at times such a weary
and fatal task, that we must find some way of preventing our leaders and
groups or classes, whether governmental or industrial, from becoming this

kind of danger. Have we not reached the time when we are willing to

turn to the One Who ordained civil government for our good, acknow-
ledge that He ordained it and not we ourselves, and make our leaders

or rulers “ whom God and this people shall choose
'

“ men fearing God
and hating covetousness ” ?










